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A’ STffiCT 



Title of :• e*..s . A B* C. AH-iamT: WITH SMALL LMFT AMD ADJUSTABLE GAIK 
,->11: or ? LuV.1 GOL-/.-A UACICK LUTRA 

Submitted for 1 v e L-epreo of liastta «f Science In tbs Depart Bert of Electrical 
Engineer* ?;'• on May If!, 1°M. 

The? pr.ICcJr. c 1 ' anclifyiiyj slowly varying* el rials ir, an old one. 

Vo* use cf vacuus tube ampli fi»>rs for the objective 3s consider- 
ably co.T-'itcrV *< . :>;• tee ‘'act 1' at the; lor: frequency of the eirnale pre- 
cludes the u re o'* c oue'tlve coupling between the stages and this brings 
r orth the proM-; r. of drifting, 

V.‘u i.' rdvtl vnr }.>.• \ been proposed, each one with a definite 
s.:r 11 cel ior.. 

One obvious ray cf /vs ,d ng possible the uoo of the co® on R-C 
couple^ -ircpllfior i~. to modulate tfce signal we want to amplify and at 
the end to closo ’ul<_ te it thro >rh a phase sensitive demodulator. 

't !s tresis 1 1 co.ioerned x/.ith such rn apli cation, using a 400 
on? ^QJiO'-.per'' a& nodule* in? device find a rr.cima tube switch as a phase 
sensitive full wav* demodulator, feedback is used in conjunction with a 
hi n ■, a.'. x* >■-•'- co- -)1< c. „ i tulilizr the gain. The device has a 

low o it cut imped r. rc, of * be crdo~ o'* I OK, and u high input icpedance, of 
lire order cf IT. 

0*h> — specif i call eras are*. 

a) ^ nree separate, a tlitiv-. inputs. 
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b) Adjustable gain in four steps, namely > « 1, 2, 5, 10. 

c) Gain stability better than 98# , noise lys 



fo 

k- 



(8 X 4 *2 4 “s' 






0,02 for frequencies 



6 1 4 e 2 4 ”3 



betveea 0 and 90 cps. 



Gocd results were obtained. 
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yiSTCRY OF THE PROBLE ‘ 



Troubles with d. c, amplifiers are too widely known to deserve 
ac extensive correct. 

It is enough to say that the tendency to drift ui.d g?nor-lly 
varying conditions of operation of srrb devices males them unreliable to 
ouch type cf application in which no constant adjustment is allowed. 

Besides. even in the situations they have to b<« used they still 
are not ideal devices due to ctrict com'..' ’ ions t.i ey iroose on i hie power 
supply, tc their price and to t>*e eontiru'ua attention they require. 

Ono obvious means of improving the drift problem is to use an 
R-C coupled amplifier. Since tho ’require! sir-© of tre carpocents r^Ws 
this type of amplifier un suited for low frocuency atnpli fi cat ion, the 
solution it to modulate too signal, amplify the modulated signal and de- 
modulate it aftor the amplification. 

Several methods can bn choson for t; e modulation and correspond- 
ing demodulation. 

W1 •>er tho frequencies to bo amlified. are not too high switch- 
ing modulation using a mechanical type contactor presor.tr sere advantages. 
A significant gain in stability is achieved as compared with circuits v.ain, 
vacuum tubes - the modulating circuit is very s imrle, tho contactor r en- 
sures very little power and doesn’t need tco much space. Sines nearly all 
contactors are single-ode. doublo-t’.roR. the’/ nr? ru.ltc.hle for full wave 
modulation. 

Tho Rev. Sci, Inntr. (l r *, 194 - 1946) I as a re r ort from Lis', on 
et al describing an arpl' f 4 ©’• tc be used ac a substitute ^or a ve.*y low 
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resistance £alvunc!r.&tr r ' | bari t .p two synchronized contactors for modula- 
tion an-- ^-cul.ntior . 

Approximately on the sane u.\nis the A. I. E. E. Transactions 
(67, Vo?. I, ?. 47} brings a report fro.c Williams # Y&rpley and Clark t 
•’escribi n? a d-c amplifier stabilise.? for aero and gain^ to be used for 
r-xasor aments cf very offa.ll voltages currants. Variations of the 

basic dosirv. for lew and high 1 rp c-can ce input circuit and for series and 
parullc-r: fcccbaci art criofly describe-?. 

Sever -1 becks rake ref ©recces to the possibility cf using con- 
tactor module? i or. tc iroreve tr< ..,uu2 it :les of stability in d-c aaplifierc. 

Theory cf S-rvf>~ec‘ nniaa-* .Juices^ Kicfrols and Phillips) dedicatee 
fer pages to cor+auto: " .aid their nr lioations. 

ffaveforffn (Chance etc.) describes two types cf mechanical con- 
tactors and points out the-'r advantages over their electronic counterparts. 

*!c .core literature rae found ?roat1n* of t u is particular problem. 



SKMKARY 



Servo systems here a need of' amplifying devices for electrical 
signals which have a good response up to abotit 40 ops and which can be 
considered to have as smell interaction as possible with the neighboring 
elements in the system, namely high input inpoaanoe and low output impe- 
dance. 

we have proposed to design an amplifier which will follow as much 
aa possible the following characteristics. 

1- Three separate additive inputs, besides the feedback 

2- Input resistance of at loast 1 U for each input 

3- Adjustable gain In 4 steps: 1, ?, 5 # 10 

4- Accuracy better than 9?% t namely: 



®0 - (e., + e 0 + ©,) 

jr* ^ i j 



— 0,02 



e, + e ? + e, 

for sinusoidal inputn •'of frequencies from 0 to 4° cps 

5- Output resistance of 10^ ohms or less 

6- Stabilised power supply is not provided 

In starting the planning of such an amplifier the paper of 
Miliars et al* was thoroughly read since bis problem has points of 
similarity with curs. 

, v The main differences are: 

a) William ' b amplifier is designed for exceedingly low level signals} 

b) It la supposed to amplify essentially D. C. signals. 



* Reference 1 
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c) The power level at tie cutpv.t is sufficiently low to permit the 
use of a chopper t,o demodulate th9 signals. 

With those ideas in nind we tried to ?ac ;’ify William’s project to 
our objective and simplifying it as much a s possible to eliminate the 
uost of the essentially "precise" features f such as shielding the anpli- 
fier t stabilizing the power euprly 9 using high accuracy componentry etc, 
Descrlrtion of the system 

A block diagram of the 3ynten foil err r> and after that the cornu or." 
ents will be commented upon one after another. 




Input filter - It is supposed to nttonuato all the frequencies 
out of the chosen rang9 9 especially 4CC cp3 sines a 40C cps signal coning 
in will go through and have the a&re effect as a l\ C. input. 

At the same timn It must provide for the input ircpecanco we wish. 

Contactor - A 4CC cps Stovene Arnold mechanical "chorper" was 
chosen. The frequoncy of 4CC cps has two good advantages: a) it Ls 
high enough to use an a. c, amplifier to good advantage even considering 




o 
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the bandwidth of C' crs: b) Iff* rat to to the tvoirf mum frequency we rant ;c 
arplify 5.3 hi.^h enough to .illor amplification. 

Tbs B eh o^pe-'"' itsolf didn’t show ideal qualities for the low level 
fnrrnt re wanted to use. It ’■'resented a slight aero error - besides that , 
it seemed very stable ir rhut refers to the duty cycle, namely the fraction 
of a cycle. The contact regains open or closed, 

A,C. amplifier - A 4 stigo amplifier usi ; g a 6L6 a3 output was 
designed. 

Two 6SL7's trim triedeo vor° used, V e socket of the first one 
van mounted on rubber to decrease mechanical pick-up. 

The first tube was connected C3 a cathode failover and thi3 
connection proved a lip ’ iproveueni ovoi tno regular grid con* ecticn. 
Although the reason ran r’t completely understood it seemed to bo related 
to disturbances on rrrid current, a? caused by t’ -a switching action, 

Ths circuit nu designed to have optimum transmission at AOC epe 
end lew drain rken no signal was a; died, 

. p.otcs.t iometer waa used between tho two 6 SL?’g in order to vary 
thr gain of the system at rill, 

Ir Vie output to the d:rodulAtor a step-up transformer was uesd 
to rstch 1 "poti inCes, 

Svitch cov.o’uldar - broadly speaking it con.Bi3ts of 2 separate 

parts; td syuchrcnizir."" ctr-uid and the demodulator itsolf, 

T'ra sync! roniming circuit uses the other side of the o.p.d.t. 

chcprtr to -.rovit’c signal •dh ■'!: fur tier amplified by a 6SK7 and 

poos to the demodulator acro&u u g 4 ep up transformer, A capacitor is used 



10 



across tie prim ary to provide adequate phase shift for correct synchro- 
nisation. 

One advantage of this synchronizing circuit over the direct con- 
nection of the 400 epa carrier to the demodulator i3 that any phase shift 
due to mechanics! shock or otherwise whic v occurs at the mechanical switch 
rill not affect the synchronisation since it will shift the synchronizing 
signal at the sane time. The demodulator is & four double diodes circuit 
described in page 402 of flaveforms* and which is the electronic equivalent 
of th© "chopper". Its advantage over the '’chopper" is the fact of greater 
power capability. Its disadvantage 5,3 the r.on linearity , chich will cause 
the contron distortion characteristic of diode rectification. 

Output filter - only a capacitor was used across the. load resistor, 

* 

tc filter the 800 ops ricrle froa the rectification. * 

,1 value as snail as possible was chosen in order not to produce 

A 

undue attenuation to the signal. 

Attenuator - The overall gain i3 chosen through this attenuator; 

In the experimental nodel it was just a potentiometer but in a 
final set-up it should consist of 5 resistors in series; their values 
should be chosen in such ray that when the feedback is connected between 
?. of them through a multiple throw switch, the amplifier will have the 
correot gain. 

Theory of Operation 

Although our research was almost entirely of experimental nature 
seme theory bad definitely to be used in order to see whether or not the 
procedure we were following was logical, 

•* 

Some statements which are boing and will be Rude in this ‘unr.ary 

* Reference 2 



will be explained in core detail late’- cn In this report. 

The final a. c. amplifier used in the sy “ten was designed tc have 

6 

a calibretible., gain, with a naxi^uja *>f about 1C^ from the 1st grid to the 
secondary of the output transformer, across the load - ruth ir,g use of the 
simplifying principles laid out in Applied Slectroni.es * and vith data 
from the RCA tube manual, the amp 13 f ier was designed with a flat range 
of amplification (within 5%-) from f. * 290 cos to about f^ * 60E, This 
large upper frequency cornea essentially from the fact that triodee with 
a very low inter electrode capacitances have- been used. 

Since we can definitely correlate gain attenuation with phase shift 

r > 

those data will indicate a very snail phase shift above and below 0' for 
frequencies between lOf^ and 0.1 or 290 cps to 650f cps, more precisely 
5°,0 por stage at those limits. 

This would give a phase shift of about 30 C plus the phase shift 
imposed by the output transferrer itself*. 

Ac a broad statement we can say that t.he a. c. amplifier will r.ct 
create any problem of instability. 

Moreover, for frequencies between 360 and JJ,0 cps this phase,, shift 
will obviously be much smaller. 

A Fourrier analysis of the In rut, waveform shows that the " chopper ^ 
will create a nodulated square wave tvj.lch contains tic sum and difference 
frequencies of toe cignal with each harmonic of the "chopping" frequency, 
plua an average voltage wave . 

Tie will bo cones nod. essentially with tht fundamental or its cine 



* Reference 3 
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bend 3 sir.cr the average an- the higher r arraonice rll'l. be attenuated at 
tr.e or tout transferror, demodulator and output filter. 

T> oy certainly will net have «. narked effeot on the pain einco 
thj e harmonic effect deals almost equally with all the rnodulati ng frequen- 
cies v.o cere for, which constitute a relatively steal 1 fraction of the car- 
rier frequency. 

I£ vc aie allowed to cr.»ke an irp&y©, rte would say that the range 
of frequencies we deal with are ilaoat qunchec ut a p<Ant on the curve of 
transmission vor.ao frequency, of the a, c. amplifier. 

Having race s >.te rimplifi cations iu the treatment of the signal 
loop, across the a, c. amplifier we still have to deal with the demodulator 
and output circuit, air 1 input circuit in order to verify the pc3?l ble phase 
ohifts to the signal. 

The demodulator itself is a purely re si stive device. However a 
capacitor is used in par* 11® d with the loud resist -.nee in 3uch way that & 
simplified circuit for the signal from the secondary of the output trans- 
former is a 3 follows. 




T1 1 s condenser 3 s used tc smooth out the 600 cps ripple which 

euros • from tbo full wave rectification. 

iX the worse crnd5 ti ons it sculp bring a 90° phase shift which 

added to the arc 13 f: or phase shift would still be smaller than 160°. 

In the 4 nput circuit up to tr.e n chopr®''** there is no capacitor 
v.vL j>o wo are fairly safe l.i tb~ natter of stability. This statement is 
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made regarding as valid the simplifying assumptions rr.ade previously, 
namely , that tho loop attenuation of the ^00 cps "chopper frequency" and 
its harmonics is high enough to be neglected and that we deal only with 
low frequency signals which enter by no other place besides the input, 

Onder t v ose ideal conditions the gain could be stabilised as cuoh 
a 3 v.-o wished, through feedback. 

Thermal noise would be the . limiting factor to" maximum stable gain. 
Actually the circuit behavior depgrted sonewhat from those simpli- 

r 

fying assumptions, duo nainly to tho GO cps pick-up rbich could not.be 
curbed entirely with the resources we could count with in the laboratory. 
All the sieans wa tried to use to decrease this effect will be 
described later. 

The maximum loop gain obtainable for a pure D, C, signal was of 
the order of 40, and slightly less for A, C, signals, 

Tho conclusion reached at the ond of tho investigation is that 
the systen as planned is good and should be able to do the job it was de- 
signed to. 

Improvements in tho construction technique, such ae good shielding, 
good ground and a decreasing of "zero error" will make this system very 
well suited for high gain and excellent stability. 



DESCRIPTION OF T tr E PROCEDURE iOI.LOhEi IK TH I S FP03L EK 

In the description which follows no attempt will be made- to 
describe *11 successes uno failures uor to chow ho* i he "t i rr -5 van spent 
in the- project. Only significant results will be described. 

At the start of the investigation, several questions were bound 

to arise. 

How would a system like this behavo ir. closec. loop? 

What order of magnitude T.oul' 1 be possible to use for gain? 

How carefully built should the components be? 

Should a narrow band or wide band amplifier be used? 

What should be used ae a demodulator? 

How difficult is the synchronizing problem? 

What relative importance would, have thermal noise, thermoelectric 
effects, 60 and 400 cps pick**up, magnetic induction, etc.? 

To got a rough idea cf how, the questions would bo answered a 
system basically elsilar to the one originally planned was set up. 

The main components of the system were: 

a) Brown single pole double throw contactor excited by If volte, £0C cps 

b) Ballantine wide band amplifier? 

c) Feedback Control Laboratory model E E £ - 6 gated demodulator, 
using triodoo. 

Besides those comocnents, the input end output circuit ere the 
aatae as the o ;es to be used in the future, and Ca.c tc found in the ciagram. 

The following voltage supplies wore needed: 

11CV, 60 cps, for the Ballantine amplifier 






250 V, c. c. t positive ar.d relative; 6.3 Y, 60 
cpsj 110 V, 400 cp3, oil for the demodulator 

If V, 400 cos, for the “chopper" 

It would V. tiresome for the reader, t ho description of all our 
successes and fallv.ro? before final conclusions were reached. The main 
points, bereyer, will v o ccrrented upon in the fame way as tbs final con- 
clusions. 

To si art with, the ever-al i fain of the system seeded to be 
scr.eT/hat low. The 3a Hunt, ire amplifier uses feedback and ban an over- 
all gain cf ab~ut 3''C, Tho demodulator al3o‘ has some gain since it is 
a triocle type dorodulatrr which detects and amplifies at the same time. 

The in~ut circuit used, the low impedance output circuit plus 
tbs output- filtering brought the over-all pain &J.3 tjhp w«v down. 

Tie figures obtained are as follows! 

a) Out out across a capacitor only. 

Over--'’ LI pain ‘for a d-e signal was about 450 with 

less than 2? rip-le, 

b) Output across a ?5K potentiometer and a 2 gf 
ou?'npl * or. Over-all gain for £. d-c signal wse about 100 and for 20 cps 
signal var about 20. 

It is evident that rue* a large difference in gain could not 
!-■ compensated through feedback. 

T! ‘'re was nc stability problem with this circuit. Tho feedback 



'"atio varied at will 
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The chief troubles met in this port of the work wore: 

a) "Chopper” - The operation of the "chopper" was 
erratic and sometimes several hours were spent trying to adjust its con- 
tacts. As soon as it would start to work the contacts would cone out of 
adjustment again. 

Besides, the 400 cps pick-up waa somewhat higher than expected. 

b) Demodulation - The synchronization of the reference 
and signal voltages was very difficult if not Impossible to obtain. A 
R-C network was us^d in the 1107, 400 cps, synchronizing line, and adjust- 
ed to give the smallest ripple. Even so the result? were very poor. 

The zero outout error could not be eliminated from the demodu- 
lator. By zero output error, we mean the output when the input to the 
demodulator is shorted, 

A compromise calibration had to be used to rive minimum possible 
ripple rlth minimum possible output error. 

c) . Other causes - Nothing else appeared to influence 

the operation of the system appreciably. 60 cps pick-up and other minor 
effects didn't show up to any great extent. • 

After those conclusions had been reached a new system having a 
higher gain was built, using now a new type of n chopper". 

I *i 

This new system was actually identical to the ultimate system 
appearing in the diagram, except for the first tube which was not present. 

2ppe difficulty was experienced in getting hold of some of the 
desired components such ub transformers and condensers. The ultimate 
choice was a compromise, namely, the choice fell on the best possible 



17 



components vrrch could do the job an at the «**rc ti r, « ecu I'* be obtained 
at the Feedback Laboratory, 

FolloM np the prectico of going from the simpler to the cor© 
complex no particular car*' was taken at the start for decoupling the per. or 
suprly cr' preventin' some cth n r possible •’isturbunces. 

The a, c, amplifier worked v. ry well by itself, except for the 
60 cycles ' , hurr?* i j even that was not toe disturbing. 

After the amplifier was checked, the 4^' cp3 was connected tc 
the "chopper" and a rf-c signal was applied at the input. 

The effect of the switching operation of the input o r the first 
grid was great- r than suspected, giving a peak voltage several times the 
amplitude of the square wave signal. 

It was suspected that the eyncr rcnieir.g circuit was drawing 
excessive current ar.^ at the same being coupled to tho signal circuit 
through the "chopper". Change of the load resistance cf the synchronizing 
circuit square wave generator from C.5b tc 5 l! improved the situation 
but didn’t eli ruinate tho trouble. A small 1400 _ «.f capacitor between grid 
and cathode was tho solution for the problem one this particular distur- 
bance practically disappeared. As expected, this capacitor brought with 
it considerable attenuation for tre input signal but It was a price worth 
paying. 

The next trouble to be- mot was the ms.lt- r of synchronising the 
reference and the signal voltage 3 at the demodulator. It was solved by 
a convenient choice of capacitors to be connected shunting the rrirrary 
of both output tr&nsf ormore . Those condensers aloo accompli ehoi the 
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aimullaneouE job of i~>rcvi«p %he Z.vt ops response of both ofrcu: tr , 
by rounding tne corners of the sti ll-very-nearly-square waves at that 
nolnt, and no rreirntln" them from being differentiated across the trans- 
formers. 

Ibo follcrdor problem to bo Ret was the filtering of the COO 
cps rlrplc* present at the or tout. 

It z-\8 decide-'- to uea one condenser in pare lied with the load 
resirtM.net , 

Itn value rar, a ecir.proT' so between an optimum high frequency 

atteruatlc . and a srjili Ice frequency attenuation. 

Final ly the question of 60 cycle num" was copod with. It was 

decided the* >cov*-liur os the r,-wer rucrly was necessary, 

T ' i s <Jc-< oupli n? ? as perforce 1 ar.c: a food improvement nan noticed. 

Aft or all thorn corrective? operations were cone the eystGa was 

tested under actual working conditions. 

At i?erc signtil input trere was d-c and 60 cps present at the 

^utput. However tie amplification for both d-o and a-c up to 40 epo taken 
% ♦ 

fron on audio awlif5*-r w..t? of pood quality. \ 

*! e chief drawback of tl ic system was the small over-all gain, 
due to the sever- 1 at to: vat tors scattered along the signal path, 

The miuc mn: '■'o: siblf fain was of the order of 25 and there was no 
trouble in i.-Creusin. t‘->£ feedback ratio to u point where the over-all gain 
was 1, J?« oscillations occurred due to each small loop gain U3ed, 

Th: final conclusion reached ad for this particular cyst en wan 
that it rer>. ? r; renerpl rcoc, The rtixlsiua gain -was however, snrll to insure 
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the gain stability through use of negative feedback tne flay re want to 
be. 

This conclusion led to the decision of b\ii3.ding another amplifier 
(wnich would be the final one) wi+h somewhat larger amplification. 

The availability of CSLV’o added to the fact that they have 
very good characteristics of gain and low Interelectrode' capacitances led 
to the choice of one of then to give the additional amplification, Since 
only one stage of amplification wa3 needed the remaining triode was to be 
used as a cat’-ode follower. This connection has the advantage of making 
the input capacitance of tho tube much lower * than it is for the regular 
amplifier irput connection. This lowered capacitance should decrease the 
input signal attenuai ion and, as wo M ld bo noticed on the actual operation, 
helps to eliminate xi.e transient effects of the switching operation. 

An additional feature was the introduction of a potentiometer 
botwoon the two 6SL7's to provide a variable gain to the amplifier; 

The plato supply for all tubes was decoupled by using R-C net- 
works. 

The circuits for the a.c, amplifier and for the synchronizing 
circuits were calculated by onr own Judgment and with help of the RCA 
handbook, ** 

The a, c, amplifier va3 tasted at first for static conditions 
of bias and supply voltages, A 60 cycle "hum 1 ’ was present all along and 
due. to the high gain of the amplifier it was enough to saturate the output, 

** Reference 4 
** Reference 5 
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The first place whore it r-.ppes.reJ vus across the p-iri resistance cf the 
input tube vhcn nothing olae was connected \.o the. grid. 

It wie the? decided to vse. rectified i'Ca.ter supply to tho 6SL7*s 
find this was uceccpliehed by e. bridge circuit usir- selenium rectifiers, 
plus suitable filtering. Orcvndi r-gr e* one side practically eliminated the 
60 cps trouble or the trr. initial staged, Tne si 30 of the decoupling 
camscl+era at the later stapes was :i nor 'aged and r,.ore improvement was 
noticed. 

Fvon so, the dir+urbaiict* at tre output tube war- oti’l quite 
troublesome e nd this ran solved by grounding of tre 6.3 a.c, heater sup- ly, 
across a 30 ohms resistor from each side of the lane. 

Those a. C; cistui’ nances co-rin^ nri r:\rily from the 60 cp 
supply couldn’t ba entirely eliminated until the end. They were uecreased 
to the minimum value postible, without use of shields or any other elabor- 
ated construction metl od. 

Ancthor trouble ?Mch persisted until the end was lack cf a pood 
"ground'', ftrer to arc trying tc achieve operation at low level, 

any snail variation counts. 

As vr- c.c s f. ■ it, t h" v. o ''act a abo ve *erc ti e principal enures 
wh'ch lir.iit.ed t^e caxirun obtainable loop ridr . 

After the e. c, anplifier ras terte ’ for ... :. opeisudo:., the 
AOC epo v-ero cor.r.ectac to t,ho "chopper" ancJ a a. c, signal war applied. to 
the input. 
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Good sy::c v roi Trailer. ras verified a+ the output by observing 
the r&vefo i* r * acres c the vnf i 2tf.rH load with k scope, 

The lero error of the "chopper* was soaowhat decreased by ground- 
ing the Co iter tap - *' a ‘vttv/i crete? connector acres? the 6 volts, 4OO cps, 
suprly. 

Cpe-.V i et. rvi + 1 d-c an r ’ with a-c up to 4^ cps was tried bG r ore any 
fpor'*haCi; was. €-tie:.p*e 

r 

The edii’ "lvm el rio+J c of the device was tried by applying 
3 tfral s n* i "C •'! f r eront inputs, r* ’surinp the output and verifying the 
linearity >f the results. 

At ths-r po .r.t the- feedback connection was wide and the gain was 
measured. The naxi ra; ‘cep f^in wa; rt-j’l less than what re desired it to 
bo, but no iu- -reverent kx in si;’ t right awry and time war, running short. 

The can bo calibrated f-ou 1 to 10, as desired, aa long as the 

amplifier rain if decreased low tcoi: r ‘.0 prevent oscillation. 

Tt Jv.n he inervaaeJ to hi ? -h value n , but always bearing *n rind 
that t u e faudeseir ban *o be decreased accordingly to conform itself with 
the maximum pomit *.» loop guit, which ultimately determines the stability, 
as wo can re-all ir-v the nrLncipl.es of Kyquitrt, 



DETAI LS!" DEDCP-ireiOh’ OF THS m* L SYSTEM 

A. 

The t**o diagrams describing the final eyston as it ras built 
are presented in the beginning to give the reader a reference for future 
reading. 

They are presented in the next two pages. 

r • 

B. Analysis of the gain, output, impedance and input ii.uedanqp 

The following diagram is a good approximation of the circuit 
behavior and *dll be uss^ for the enalysie v.bieh follows. 




1. Qain 

Duo to the high gain of the anplifl er, the input voltage will 
bo, by necessity, very snail. In this way the input current can be neg- 
lects in this nrslj sic, since the* input impedance for the a, c. amplifier 



is very high 



ISX. 
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The equation for the input node can lien be written? 



*2 



4 °1 



Z S . + R 2 -3 

<- j 



4 0 = 

7 i.i ~~n — e 



4 



I 1 + * 

4;. mi 2 . +** 2 



If = R 2 



r._ -- R. - R 



3 " 

;.;v. / 



*T5~ 

4 



S, * * S 2 * *s. 



<L< ft we nan sir.jiiify; 



e I " e 2 * °3 + E 0 _ or e - ®1 + °2 * S 3 + “0 



The above equation or. owe los the input, eipnals add tr frca the 
input vo’tape to the amplifier. 

Ys* know that e = - ne, where hie the cozplex pain of the systea 

O 1 

and the minus f.irn is placed arbitrarily. 

Then we nay write: 

e 0 -, 4- -+* 6^ ^ f- - 

- U = 1 2 3 ‘eO 



u 



or 



®1 + e 2 + e 3 



= 2 = (- i - . ) 

e v u ' ' 



4 + 

a - - e bit 

0 0 it 



Sow the pair, of the system can be obtained ns; 








4 f ii|4 



Gain of the system 



for purposes of discussion cf stability usbI the Kyquiat 
criterion the above expression can be written in somewhat different way: 

u/«4 

A = ' r+ mT* p 



7hi» equal lou shews that t.he type of input circuit anc parallel 
feedback' we use has cn effect of decroaeir.g the pain by a factor of 4 aa 
coir-Dared r.itl a system using a single input end series voltage feedback 
{.hen the equation for the gain is the widely known. 



A * 



U 

1 r 



?, Cutout inreclarce 

The outr.it h.ipedurice car. be defined by the expression 

^ 0 ~ 1 £ a = 0 

H) 

Caber those conditions of zero input signal we are able to write 



the- node equation at the output resistance. 




+ 





Now we wi3h tc express all voltages in terms of e* o> Using the 

fact that 

E o r $°o aT1 ®j = “ !o 

' • u 

it is nossible to writo ' 
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{3 » - 



Sines p.»l and with good a r proximation in most cases 



vVe have 



* 0 3 



H R* 
4 '2 



R » 

h 2 



since K 4 » R£ 



f<4 + v r 

?fhere the resistance of the parallel combination and R^ is 
practically R,’. However 

R| + }■ (R{ + R|) 



Therefore 2 Q « »' lA j * » Rj> + R» 



which io actually the total load resistance placed at the output. 
3. Input impedancp 

We tfill define the input impedance for the input 1 as 

»®i 



i. 



for ® 2 “ ®3 = 0 



Disregarding the source impedances as very snail as compared 
with the input resistances it is possible to writes 



®i - e. 

4 _£ 1 

x R 

As has been seen previously when the Gain was discussed 

e c ^ c + SO _ ^ e + fo O „^e - p3ei 
1 4 4 ‘4 

e^ ~ (1 + « £ o 

1 4 

^ a _ ^e 

°i 4 + up 



1 + fci t 

4 



2? 



For e » ©~ * 0, we have 



©. 

J- 



1 + 



v* r 



And 



h 8 



“ 1 f t i e i ( 1 ~ 1 + J I' 



Jt, 



*1 



The Input impedance will be given by 




This denominator is very nearly 1, Therefore, with good approx- 
imation, the input impedance for each Input car. be considered as given by 
the resistance placed in series with each input, r.auely 




C. Contactor modul a tor and modulated, waveform 
1. The contactor modulator 

The contactor raodulatcr, carer only brown aB 9 chopper", is, we pay 
say, the starting point o r cur system. 

It is essential"^ a 3ingle-pole, double-tcrow SJidteh which 
vibrates at a frequency, callod the car"ier frequency, rb.ic v ic dictated 
by a voltage applied to its ooil. 

The amount of carrier vclttu-o picked up by the signal circuit 
depends to some ext ont on the ^'P^arccr, used. For low impedance circuits 



this ar.c-uct is qu tc low. 

In the radius; ir.pecurjce circuit, it was used in, the pick up was 
appreciable ano f roditcad n zero error. 

The constancy of duty ratio is assumed to be good in those de- 
vices, Ir. our cs9 r - t use cf fs< aback and switch detection gave indepen- 
dence cf r.uiy ratio variations over reasonable Units, 

The phase shift o" iht particular "chopper" we used, io about 
110° at 400 cp4,a5 sal a h* t v o un ruf aeturer. This phase shift 4 s combined 



electrical and mechanical ohass f::ft. 

As can be seen fron the circu t diagram only one side of tho 

switch has fcs .r. u ?c~ tc ac orplis:. the modulation cf the signal, which will 

be in consentient'** ;‘u ’■ If -wav a rofl ted. eivin.-, from the 3 tart, an atten 

nation of 2. Even if tho type cf ir r ut circuit used were suitable for full 

wave ’» coala* ». <r«, it f.t ' 1 1 would be worth cot to use it, in face of the ad- 

vantage o'* jujn, »!• otic. rl.it cf the switch for the synchronising circuit 

* 

Except < *oi* t ;t f.ict that the attenuation will increase 11 e value 
of the hininiuci sipr-tl tc V s*"*>lifiec, there is nothing else wrong with 



Pels lose s'rce it car. be cm-ensfetei by the pain in the ursplifier. 

Anri the it va- otege of is ir * the other side of the switch for 
.-ijmohrcni zinp n,rr eses ir t uofo'M ; 

a) Exact i\ r brerr e« 1 ion is possible at all tines, independent of 
any chase di sturbanco at tie "c.iopf f r” cut* to mechanical shocks or any 
ot v er ro»scn, s*rce my iirtuibunot in hr sign 4. carrier will af'ect tho 
svn .. ran: ling vc Ltape in <=>xa ** 1, the aa^o fashion. 

b) :.«C nover is drained fro. the carrier source for synchror.i cing 



rui-'080S 
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If the carrier were directly applied to the detector a de- 
finite amount of power would, be required from the carrier source, 

2. Analysis of the input waveform 

Ar. elementary Fcurriar analysis rill help to have a better 
understanding of the problom we have in hand when trying to amplify a 
sritfil! nodulated signal, 

A wave of this form 
r fi-i,) 



T 








£ 

1 




r (i* 0 





Can he described by the following expression 

1 
i-t 



K 2 v- 1 T * ~1 i" -7 

f(t) = 7 (1-k) + tt E a. ST-T* Cos .*7 (2b - 1)J sinlaJ 0 (2m - l)t j 



o-T 

? T i 

— — E ~ 2n (knn^ ^ j (S'^nt) 



For E « E o sin -sittbo expression will b© modified: 

f (t) ~ JL 3 - (1-k) + 

2 

+ — . Es cos^k j- (2m - 1) ^ cos (2m - 1) - yj t 

- cos (2n - 1) + wj fcj 






- ~ Es X Jn Sin (^0 

n=l " L 



j [ 3in^ y + 2.;v 0 nJ t + 



+ Sin 2w> 0 n^ tj 



This last expression shows that for tho case when V p o ?•© 
have the presence of every harrenic of the carrier frequency with fee 
signal frequency added to or subtracted fron it. 

For the type of input circuit used 







w e have 



Lj n 

3 






E 



in 



R. ♦ R, 



Mien 



R- b R„ . E 

i. ? * o 



J in 



Tho coupling capacitor r cvnd in our input circuit win prevent 
• 4 -oj variations of grid overrent to reach the 11 chopper n and becoming ned- 
nlated. Due to its value and to the tiro constant of the circuit, it will 
constitute practically a short circuit for 400 ops or higher frequencies. 

It will of course stop d. c. and will not be an easy path for low frequencies. 

The low capacitance condenser in parallel with the switch is 
designed essentially to absorb any self inductance effect coring fron tho 
switching action. 



It will certainly attenuate high frequencies j this attenuation 
shows in the rounding of tho leading ocgc-s of tho otherwise square wave 
generated by the "c.opDer*. 



D. ft. C. Amp li fier anr ;.n~ut ci rcuit - Description of conpononte 
1 • Introduction 

The consonants of the signal cireu't. will be described frcr. left 
to rin-t as seen in the circuit rflegrao. 

The values cf the resistors and capacitors of &. c* amplifier 
will Vo covnentec upon only when they depart from the usual in some manner. 

The choice of mo3t of t 1 er ra3 based ori the tables found at the 
end cf the HLi. Receiving Tube Manual, 

The sires of the couplinr and cathode capacitors were inoreased 
somewhat f the first one + o decrease the phase shift at the carrier frequency 
and the second to le?sen the possibility of "hum” pick-un across the cathode 
r'?i ftor. 

JlhVy 1 SJLZl 

The resistances used at the three dtfforent inputs and the feed- 

\ 

bock ir.co r^r-i all chosen 1 M; the first three to insure the desired 

J rput inoedMicc tht» separate inruts and tie fourth to wake the feed- 
back voltage to have the ears -.eic 'i. as the input signals, in detersdning 
th r input to th* nr;ivfiar. 

Cetho e follower - T he grid resistance o € 1 ti ran chosen not to 
cause unnecessary attenuation to t> e- input signal and Its maximum value 
>at> 11 niter 1 by the d.-o: re ' r not ir.c.-paaing too much the impedance level 
at the Input. 

The valve of t.-e cut ode resistor mv chosen to give the desired 
value " L'm-i at zc rc 4 nput signal. At the values used, the gain for 8®**--^ 



signals Is in the vicinity of 0.9 



3. Three stare?, of voltage amplification 

The values cf grid and piute resiotancos were chosen in accord- 
ance with the RCA Manual. Coupling and cathode capacitors were somewhat 
modified by the reason explained at the Introduction. 

The values of cathode resistors were increased to bring down 
tho operating points in the plate characteristics. The applied voltage. 
Ebb came down in the initial stjiges due to the decoupling of this supply. 
In this i»ay t using the same bias we would h&ve smaller current and hence 
the larger value of the cathode resistors needed to secure that bias. 

The current drain from the power supply was slightly decreased 
although this is not too significant. Linear operation was insured duo'.. 

to the small signal amplitude at the earlier stages. This linearity was 

, ‘ '■ £ 

verified later experimentally. 

The size of the gain potentiometer was chosen as a rcrular grid 

, v 

resistor. 

• y • 

4. Output circuit 

Under this title will be considered the 6L6 output tube and the 

* * * y ^ 

output transformer. 

" -t ' 

k 

Little can be told about the 6L6 since the instructions for use 
as class amplifier and 3 CO V plate supply w->re followed. 

The output transformer was selected having dir sight ago«5<Mn?»' 

_ 0 * ■» 

IX- \ 

pedance matching t in order to make the 6L6 to operate on the desired load 
line. A transformer having the correct turns ratio (to match 15 K to 25CCT 
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ohms, i.c. ( !:?.?, prirr>ar 7 to half secondary) was not available. One cav- 
ing a larger turns ratio (1:3.5) bad to be U30d ana t} is rrade necessary 
an increase in the output impedance to maintain the ideal load at the 
6L6 plate circuit. 

5. Operating Points 

The operating pointB a’ e indicated at the corresponding points 



in the circuit diagram 



E . per.odnl 6t or 



1 . 

* ic v.. 1 operation cf the ;scrpleto system we are trying to 
describe would be* 

a) Cent’> titlot. o / rcoaultf wd square ».uveo by a "chopper". 

b) Ar«pli r . of ti o modulate:] square raves by a vide band 

a noli f 'ier. 



c) Deiafd , il«_ll«.u an; exact : eprrduc+icn of the original signal 
amplified by irea/is cf a c.eccni "cl cpper" in synchronism with the first one 
The power level “« s- ct.! lave at the output precluded the xise of 
a me<-rsnica2 o' - -.ledul r r.r sjr.to ticuaJ ' y these J nntrueonts are made for a 
cur: rnt of the n' of \ n v*. Tr< fide *,»as rice open for the choice of a 
phase net ini tiv<- delator. Sovirn' typer mere investigated an- finally 

the ec («'.l ♦h’.V-raVf. ui- ’i.r jc ‘ i on it switch demodulator was chosen. 

'lit. ty> f ->f <V.oi’-j.i *cr is the electronic equivalent to the 
-ei :c , ■•* ...1 r'l*.;]' tr.-d t>‘lr •>— '.c.ar..lr oriented th« choice. 

-.c dt.' i r !” f:, or t J :« •iiaprt.r. it L.is ? diodes cf mhich only 4 

i-t-uti; • e~ in the qu f .e‘irn of 1 .n«a~i*y. hven so, use of a register In 

aerie.. eaol. diode acta <* co r, ncn:-aticn for difference in c harecter-* 

istics of ,u( f -dec ‘r i-uc' way \ t * t tee resistors thcmoelven ttuv tho 

j l.u'V cf lie v^c -.ur. l-f-e.* ou the rot por.stti li ty for balanced operation of 

+ : r* "ew< fula r (.r . 

. o: L I.-, .-'.ry ai-rlv .end pood operation •will not depend 

or e rr.j, ' ' tud& o i th rofereuco voltaro as Ion? as it la high enough to 
loch t ' 4 r Vf xn-e-fnee of ft « tpplied r attaint ed signal. 
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There ie nothing to go wrong with the demodulator, except the 
diodes or a defective resistor. 

Once it is set in operation anc the phase is adjusted for correct 
synchronises it will 50 on forever independent of further pain or balance 
adjustment . 

The fact that it provides no gain does not constitute a drawback 
since tho amplifier has plenty of rosorve to supply it. 

In system 0 there the ratio be tree n the signal frequency and the 
carrier is relatively high this two way switch demodulator provides # beside 
the needed phase sensitivity, a rapid response, minimum carrier content and 
a reduced chance of interference of unwanted signals. 

2, Operation 

Tho following diagram will help the reader to have an idea of 
how the eight tubes are used to provide a full-wave phase- sensitive de- 
modulation. A particular instant io chosen and at that instant the trans- 
formers arc replaced by batteries. In order to understand the analogy 
with a switch action, it must be assumed that whenever the polarity of 
the reference signal changes, two of the ''reference" diodes conduct instant- 
ly and the other two cut off also .instantly. At the same time two of the 
"signal* diodes are blocked and two are unblocked also in3tc.nt.ly. The re- 
ference voltage should have greater amplitude than the 6 ignal voltage in 
such way that the assumption can be considered as correct. 
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1 




The letter N near a diode indicates "not conducting" either 
because ther f is no signal of the correct polarity applied or because it 
is blocked by the reference signal. 

The diagram is self explanatory for every '•'ifforent situation 
and sbcrs hor oc’y one half of the secondary of t.ie signal output trans- 
former works at a time. 

3. Reflected load a 

It is clear that under the ide'%1 operating conditions, the out- 
put tube of the a. c. amplifier sees the total (internal and external) 
diode resistance of onG diode in series with the load resistance reflected, 
by one half of tb^ secondary of the output transferrer. 

The simplifier diagram also shot’s that the output tub- of the 

v 

synchroni King circuit sees the total diode r^sist^nce of t>o diodes re- 
flected by the whole secondary of the output transformer. It is easy to sec 



>7 



* hut the t’. o t.r ns^'crrora Bust -ii i'fer if tho two output tube 3 arc the oaoo 
a nr we want ‘ v yrri to .tvo identic*! operating conditions. 

4. Mux taua noarlblg output 

In our caae re had to uso idor.tic&l transfortters and this reduced 
the rcaxiruo obtainable reference voltage *nd ocnoequenily the rsaximura possible 
rectifies signal. 

It ufccul '■ be i lear ioctver that, the physical Htrdtuticn for the 
amplitude of the rectified sJptjuI in nictated by saturation of the diodes, 
provided th» erv‘ L'tv'e of the reference voit&f e is sept high enough to 
justify the ar.rurrtion rado previously. If a suitable combination of trans- 
ferrer and '•iede resistor were used «c would be able tc obtain a raxirran 
output alrivl co: a tueraoly larger than what was actually obtained (about 
DO volts). 

' • Data at mealur signal level 

In order 4 o he v ur. idea of the quality of operat lcr. of the de- 
modulator An quo <3*1 r. s tvo 4<l r; cp.® signals ve'-e applied at both ends; bne 

of iixed arplitude st the reference end and one of controllable amplitude 

' * * 

at the sign 1 erd, P 0.1 Mi capacitor wan used to aaeooth out the rlpplo. 

Date, and corresponding plot are contained in the next tvo pages. 

It can be observed how nearly linear is the response at this 
voltage level. I 4 a.»r. also be ob?>* rvsd how the linearity falls off when 
the applied voltage i.o* rc .vtr.e a the reference voltage in crater i tv d*. 

Ihe rer^'or.Tance cf th«~ c-'oodulator in actual operation, integrated 
Iivt’.'if. Syria . , vra; po- ;j. 
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F . Synchronizing circuit 






1, Generalities 

Following -the sa; e pattern as when the a. c. amplifier w&: ; des- 



cribed only the more unusual point 6 Trill bo consented upon. 

Data for the stag o? of amplification usJr.g a 6SN7 and a 6L6 
were taken with very little change from the RCA Manual. 

The load for the output tubs was net the correct one since a 
transformer with the desired turns ratio was not awl lable,. er has been 
pointed out in item 2-4 of the section of Modulator. 

2. Square wave generator 



inptft. Due to the large time constants involved as compared with the 
duration of the o^gop, we really had a square wave generator. The dur- 



ation of the sweep was controlled by the "chopper’'. 

Depending on whether the switch is open or eloped the circuit 
presents the following configurations t 



A circuit known generally as a sweep circuit ran used at the 



S2l + i£il £l<>£2& 



pwitch open 





Ten - Z* S ’ : lo s«c 



) r . 



v :h c-re the period of charge .md discharge are approjdaately the 
aarc and equal tc ?,5 X 1C uecor.ds. 

Due *■} the -slat 1 ’as ef.-*n 4 tud* of the ti ne constants as compared 
wit!. tho p.'-vio^r rf "h’.rg* j.i;? dt z largo t a ’good approximation can bo 
obtained by cc- oi dering the current a3 constant instead of varying expon- 
ent-* 

aH etc .?siot is to ha>-e ajj idee of tho magnitude o' 1 the inprit 
voltage to the r^Ufier. 

folu J lor. of + ?fc ri aultanocus equaiicrs involving exponentials 
give the vilr* r r M - r pic’ tor voltugs at t.bo hofinniug and end of charge 
and disci arqo, i, c. f 'six’m and -dnixnr. capacitor voltages. They are 
rcer icttv ly 

• Sy o . vnltr Ex «■ ,6? volts 

?rcr circuit ciarrat r> for chargemd discharge and using the 
.H.tsur:;tl -n c r cmntant cirrr rt sande previ.cn sly, it in possible to calculate 
tie t'c \ ■' Ivor c’ i*'ou~ voltage: 

(e ). ■ — x 10 ■ 0,6 volte 

^ x pOOO ♦ 1C 

{a, ) r z x 1C « -0.06 volte 

in ‘ 10 ♦ 1 

The .-00 ci e component .riot be amplified to be tnod R3 reference 

vc 1 if o at * he far odulatcr. 

3. Ot 1 er sipri flcar* features 

.'. 1 thou v ' th<* ajii'll ri c a 4 *.:•’■ factor o < ’ tho 63177 is quite smaller 
tb at the o " the- 6SL7 t ; t :it j.’ i' rxr® than ancAgh 



tit 



r or -»hat se have 
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in nind. Assuming a gain of IfO for the two triodos and a gain of 15 for 
the output tub© and output transformer the over-all gain is of the order 
of 2000 which would give a peak-to-peafc amplitude of 
(0.6 ♦ 0.06) x 2000 » 1320 volte 

Thi3 gain would bo sufficient to saturate the output tube under 
those conditions. 

For that reason a potentiometer was used as the grid resistor 
for the output tube, in such way that the train may be adjusted for the 
best operation. 

The cathode resistors for the two halves of the 6SN7 were 
somewhat different from the values presented in the RCA Manual because 
we were operating with a lower plate supply due to the decoupling network. 

The capacitor used in parallad with the primary of tb© output 
tranoformer was experimentally determined to pive the best synchronization 
for effective demodulation. It also serves the secondary purpose of 
attenuating high frequencies. In fact it also attenuates somewhat at 
400 cps, but this is not serious since this cun be more or less compensated 
by gain adjustment if the need arises for larger gain. 

C. Fo?cr_gr^ly ^ Fja tg., su p ply 

1. Plate supply 

Since no stabilized power supnly ?*aa supposed to be used in thia 
amplifier there was nc particular need for building one. 

At the start the 250 volts supply from the Laboratory was used, 
^ince the amplifier planned for 3 O'" volts, a power supply existing in 
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the Laboratory an having the desired terminal voltage v. a s used. 

It presented food characteristics of regulation and filtering 
for the given lbad f and had no special features. 

2. Filament supply 

As dictate-’ by previous experience # tvo types of heater su* ply 
uoro used: a. c. and d. c. Direct current supply war used for both 6SL7's 

while all the remaining tubes had 6.3 volts a. c. in their heaters. 

The heaters of the 6SL7 , s wero connected in series and a current 
of 0.3 amp, was made to flow &cro?s tber from. a bridge circuit of selenium 
rectifiers. 

Effective filtering through electrolytic capacitors helped tc 
reduce the ripple at the heater of the input tube to about C, 1 volt a. c. 
maximum. The good grounding of one side of this supply voltage had a con« 
siderablo bearing in the performance of the system. 

An insulating transformer was used to make this grounding possible. 

do particular problem involved the 6.3 volts a. c, heater supply. 

It was made through a filament transformer. Both cideet of the line wore 
connected to ground across fC ohm3 resistors. 



pi AL UEv&RKS 



A. Cor-ants c:i the svate-m 

Use of modulation tt iraprova the conditions of amplification 
of loir frequency s'Lpnals an'' use .of feedback to o.aka the gain leas sen- 
s'll vo to changes in conditions of the circuit are supported by theory. 

In fact tho tii.3oreti.cul operation of the oyster- being discussed 
is cuito single and all «e > avc to worry about arc the reasons which cause 
departure from the ideal conditions. 

Eeepito the fact that the signal f low across tfcs system ie 

easily vi ecu 11 cart, theoretical analysis is rorcoiut more involved due os- 

. » 

% 

sen tit 11 y to the presence of a nen 1 inoar element, represented by the con- 
tactor, The ccr. factor is said to be non linear, meaning that it car. not 
be described by a Laplace Tran^or-m. However, if seme analysis is to be 
etude it should follow the sace pattern presented on inference 6, 

Further ri ''ficulty on the analysis appears ritJ: the presence of 
a transfer' er v r.c pf- character* sties arc unknown and wer’ not thought north 
sbilo te measure. 

In that ray ell wa.3 tried to do vaa to li nit the phase shift 
al -np the a. c. ar^l 'ficr ft” t o frequencies w© were interested iu, and 
to attenuate frequencies out r r this range. This was accomplished through 
selection of adequate values for "e3istors and capacitors In the- amplifier 
and. in the output filter. It was tissue d that the phase shift introduced 
by t v e output, transfer"', r rouldr't be large enough to become trouble some. 
Cc T "vcti vo networks ar presented in page 319 of Reference 6 were not con- 
si d-ured necessary. 
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B. Zero stability 

The zero drift in the conventione.1 direct coupled amplifier 
results from slor changes in the tubes. 

Similar changes take place in the tubes in the a, c, amplifier 
also, but they are attenuated by the conventional R-0 networks between 

v 

tubes. The changes are further attenuated in the output transformer and 
finally due to the balanced arrangement of the demodulator circuit, they 
are reduced to a negligible value. 

There are, however, other sources of zero disturbances end some 
of those are not so easy to eliminate. They can be of electrical, magnetic, 
mechanical or thermal nature, Wo will not be too much concerned with the 
last one since Its level will be relati velylow in comparison with the input 
voltages ve intend to work with. 

To improve the insensitivity to mechanical shocks, the first tube 

> 

was counted on a floating socket. If acre improvement i 3 desired the 
?fcolef chassis can be mounted on rubber supports. 

The electrical disturbances need some more attention. Since the 
signal goer, through the amplifier essentially aa a 4^0 cpa. nodulated volt- 
age, any 40C cps. voltage entering the amplifier .cay disturb; the zero, 

Tho s&fr oractice would be to exclude the possibility of this b&pnening. ■ 
The only place it can enter the amplifier is through the contactor , At the 
start, tho error coming from thin fact v&s very noticeable but was decreased 
3ccewhot by the insertion of a center taoped lf<0 ohms at the output of- the 
transformer supplying the 6,3 volts, 4^0 cps., to tho contactor. The center 



tap wag connected to ground utr a jus tec to -ivo the smallest sero or -or. 

Because of the fact that the amplifier ia to he used with up to 
40 cps input signal, a 6C cps voltage in the amplifier will behavu Just 
like a signal and will be pieaent in the output. 

In an ldetl set up, the input would have to be shielded and fil- 
tered to reduce the amount of 6*' cps and 400 cos entering the amplifier. 

Although a steady d-c current frou the first grid cannot reach 
the "chopper” t variations c r it cun. If they do they c< n become rodulttfd 
an^ cause some interaction Trith the signal being nodulated. Use of a cath- 
ode follower as the Input tube improves the situation duo to the very anal 1 
changes in grid to cuxhodo voltage in <. crpari sou with the corresponding 
changes of tho input pigncJ, fro’r grid to ground. 

Magnetic 2 erc disturbances oay be present due to the linking of 
loops in earlier stages of the amplifier with 60 or 40 '? cps aarretjC fields. 
The 4CC cps m&v cause & d-c error at the output and tbs 60 cps will be pre- 
sent as any other input oignui. To correct this, the loon a in tfce earlier- 
stages rauai be ac small as possible and if couplets correct! :-r. if desired, 
aagnetio shielding would have to tr us6i. 

C. Gain stabi lity 

Elementary feedback theory shows t’ at the changes which hapeon 
in a feedback circuit are decreased b a factor which is rslata.i to tho 
loop gain. In this way, the larger tho loop guii , the Ir.rpor the rain 
stability we con achieve. 

Stability problems prevented the syctcB bet rg. discussed from 



having a loop rain larger than 40 at a forward 




Under those conditions, making use of the erprecoic n 
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easily s.6 f, n tha + oh m, « of T r '? ? r. ,i will cause & change of only C.3/& 
or. the net pain. 

If the 'vindvi.’t h of the syjttd is reduced by tho use of a large 
capacitor in ti r output, the loop gain ray be increased, A lOtyif capacitor 
brought the loco gain up to E 0'. but evidently So that case tho bendwl dth 
i a reduced in a wry great extent. 

I’r.dei the ccrditirns ir. which the amplifier was tested, it showed 
a poor gain stability s.rn ras left for several hours with the same signal 
applied. 

T-. a r< s-onsa was < 'our j to re essentially flat frea 0 to 40 cps. 

D . Stab! li ty arcf r.gt cscll.u-tion 

Iho raxir.usi obt-.ir.ablo Lwp gain is United by tho possibility 
cf oscillftM' n arr" is & corprer.iso site the bandwidth of the system. Use 
of a large output c .roe me'- 7'ill decrease the bandwidth bet will help the 
stibillty nr..- rill perrlx rse of & very large forward gain. 

Cn +hc oir. c r hard if the bandwidth is to be increased the out* 
put condenser hr.- to oc decree ae*v in si?« and a relatively large amount 
of £00 cps rip-1'' 'n present in the on* nut and this brings a definite limit- 
ation to the !':cor i c.u o loon fair, Ir other words a situation arx i ves when 
t K <> f 1 epe vclt'TC- is comps ratio in anplitude viik the output voltage, 
i • ~n t' ir happens t r.u e; oration of the system becomes erratic.. 

Ex' Stone-' of feedback, oth® than tho one intended, should be 
1 sot vo lev ao por. J 1 c, Ev«ry b'nd of spurious disturbance nust be pre- 
\„nt<: . THs w -t.c tr*ed ! o severe] v,ays as decoupling of plate rucply, 
'b-ltc-in on *bo heat* r sxipr'y, 'ex' 3 -round connection and shock proofing 



* 
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of th*.: input tube agaitot mechanical feocU>uck. 

E. Perfo^punce -if the svsten 

Ro extensive reasuranen - ? data #ere takuti fror the psrfc rmance, 
since tho sy3to,a as it in it very flexible. Any ancunt of gain for fre- 
quencies from 0 to 4C cpa can be obtained nit!' varying values of gain 
stability depending on the desired hinewidth. 

Osci. lati-^n puts a definite limit on the optimum combination of 
gain stability and bandwidth. The encl.oe&d data shows eons of the results 
obtainable with the system. 

On the data for verification of the condition 



fs -fe 

Js £l!l 

£o i 



£ o.o?. 



Since the linearity and additive properties of the system bad 
beer. verified previously, only the simplified oxorension below was computed. 



M 0 - e. 



k 



0 . 02 . 



s 2 * e 3 



Data was taken for k k 10 ( mini itruK loop gain) since it constitutes 
the most critical situation. In other words, if the condition is satisfied 
for k » 10 it will also be for k » 1, 2, 5. 

Three oscillographs for input signals of 20 cps, 30 cps, and 40 
cps are enclosed. The set gain of the d. o. amplifier was 10 -when those 
oscillographs t-ere made, h very noticeable- h^ruonic content cun, be. seen 
in the 20 cps graph. 60 epe disturbance can- be seen in all three. 

The oscillographs were taken with a Brush 2-channel oscillograph. 



Data for znaxinrun and niuirun net gain of the eycrtem rhe,n the 



forward pair was adjusted to give stable operation for a. c. sirr.fils 
under any condition. 

gfijaa 



»i„ - 1 v 


O . TS 

out 


1 ? 


gain 


"in ’ - 1 '- V 


0,3 

out 


5.7 V 


gain 


marinuc loop 


gain * 


40.5 





3Q coa 



e i= - 1 v 


e . * 
cut 


1 V 


gain 


«ln * - U V 


© , 3 

out 


5 V 


gain 


mazinum loop 


gain a 


35.6 








D.C. 



6 in ^ 1 V 


e out 


o 1 V 


gain 


e in n ' U V 


e out 


- 4.4 v 


gain 


naxlnuin loop 


puin 


=* 31.5 




e in » 1 V 


e out 


« -1.3 V 


gain 


°in = »° 3 V 


C Out 


= -3 V 


gain 


e in 3 0 


e out 


* -1.1V 





1.3 

63.5 



equivalent input error « 0,0172 V 
naxir.un loop gain 49 

800 cpe ripple at *» 9, open loop: e 0,09? maxirom 



Data for cornutati.-n o.' fain stability, 



fr equeacy 



e ia (ra£ ) 



"«t (ra,) 



*0 

10 ~ & in 



e in 



'''cpt? ,2 

?Ccp« 

Z. r cps .? 



2. 05 



2.C5 



.025 

0 

.025 



Obt. The inpfct voltage re.* accvr tely set or a Dur.ont. 304-H Oscilloscope. 
The output volt tii « v..c read vitnic .Of V n-s fror- a RCA Junior Voltohni3t 
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r( ru i 



k*JL 



COl.CH r I r>KS Ai.T boGChSllONS 



The amplifier as 11 wax rhrr. the investigation me < oncluded can 
be considered as rood. In fact it corrlled with all the specifications nacle 
at tho start; some questions night still re -main as for the flatness of pair. f 
which was not extensively measured. 

Definite lirdtaticr. had to be placed on the forward pain due to 
stability reasons. The mjcinur. possible loop pain was found to be cf the 
erdor of 40, Small additione to t c circuit and a core careful prevention 
of spurious signals should make possible the increase of tho forward gain 
for the same net gain, vhnt really means a better gain stability. 

The zero « c, error v&v decreased in some ejrtent by a convenient 
ground or. the 4C0 epssupvly for the "chopper" , Zero a. ©. disturbances 
wore curbed as :mch as possible, 

A 60 epe voltigo wa or ’sent at the output, L bettor 60 cps 
electrical and owirnetic insulation and shielding is necessary for future 
designs. 

Introduction of a noro elaborate filtering at the output will 
improve tho oyster* 3ir.ee the 2QC cps rip'. le is a Uniting factor for tho 
minimum signal that can bo applied to the input of the a. c, amplifier. 

The "chopper" is considered to operate oatJ efaotorzly, the 
switch demodulate' gave very good results and the synchronizing circuit 
proved to bo a valuable addition since not one© vis the system observed 
to cene out of synchronism. 

further work or this particular proJeC must center© 1 on a 
more elaborate construction in order to prevent spurious volt ago 9 of coring 



la and tHs will indirectly irprove the syrtetr. stability and decrease the 
zero disturbances. 

bon.n cat' on made in + he circuit in order to introduce a 
phase lead a* the- ri \ u t freotiecoy rtmpe, nay allow for the use of a lar 
forward gain und a flatter frequency response. 
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